in the transport of the thyroid hormones in blood. In: Ekins R, Faglia G, Pinchera A, eds. Free thyroid hormones.Amsterdam-OxfordPrinceton: Excerpts Medica, 1979:1-16. 15. Chopra A Rapid Sample-Preparation Technique for Thin-Layer Chromatographic Analysis for 11-Nor-9-tetrahydrocannabinol-9-carboxylic Acid in Human Urine
A Rapid Sample-Preparation Technique for Thin-Layer Chromatographic Analysis for 11-Nor-9-tetrahydrocannabinol-9-carboxylic Acid in Human Urine In this rapid TLC method of analysis for the urinary cannabinoid metabolite, 11-nor-i9-tetrahydrocannabinol-9-carboxyIic acid (THC-COOH), hydrolyzed urine specimens are aspirated through a porous, alkyl-siiica extraction layer located along the lower edge of a biphasic thin-layer chromatogram; THC-COOH is simultaneously extracted from the sample and concentrated on the TLC plate for subsequent migration and detection. The method, evaluated in a blind study, identified all samples containing THC-COOH 20 .ig/L. The technique increases sample throughput, sensitivity, and specificity as compared with conventional TLC methods and is applicable to a wide variety of compounds.
In thin-layer chromatographic (TLC) methods of analysis for the major urinary metabolite of marijuana/cannabis, media with manual, automated (10), or semi-automated spotting devices (5), a "contact spotter" system (11), or by concentration of extracts onto small discs of chromatographic media (2,12). Here we describe a TLC method of analysis for THC-COOH in urine, which integrates the sample extraction process and application of the extract onto the TLC media into one operation. In the procedure a biphasic TLC plate is used that consists of a porous alkyl-silica extraction layer incorporated into a silica gel/glass fiber media. Exploiting the principles of solid-phase extraction 
Materials and Methods

Materials.
Biphasic thin-layer chromatograms ("TOXI-GRAMS MS (THC)," Figure 1) , made of glass-fiber paper The cartridge strip is sealed into a slot located in the top of a vacuum apparatus (Figure 3) , and the chromatogram extraction layer is positioned over the strip. The cartridge applicator is secured in a spring loaded "sealing bar" and then lowered by a cam mechanism onto the chromatogram (Figure 4) . Thus, the extraction layer is sealed between the flanged openings of the cartridge components, allowing controlled flow of samples through the layer. Because all cartridge components are disposable, the possibility of carryover between samples is eliminated.
Samples. All urine samples were stored at -20 #{176}C until analyzed. Cannabinoid-free urine specimens were obtained from 20 volunteers who each provided a 1-L specimen, each of which was divided into 200 5-mL aliquots. Cannabinoidpositive urine samples, previously analyzed by GC/MS (14) to the free acid before sample processing (15) . Each sample was acidified with 700 /LL of glacial acetic acid and transferred to the cells of a cartridge applicator, which was previously sealed onto the extraction layer of the chromatogram. The vacuum system was activated to -500 mm of Hg, and samples were aspirated through the ifiter and extraction layer. Wash-port plugs were removed from each cell and 1 mL of dilute (200 mLIL) acetic acid was added. After all reagents were aspirated through the extraction layer, the sealing bar was raised and the chromatogram was dried on a hot plate at 85 #{176}C for 3 mm. A standard disc containing -350 ng of 8-THC-COOH was inserted into a pre-cut hole in the extraction layer of the chromatogram.
Each chromatogram, containing 10 samples, one control, and one standard, was developed in nheptane/acetone/glacial acetic acid (50:50:1 by vol) for 2 mm to a distance of 4.5 cm. A developing rack permitted simultaneous development of six chromatograms.
THC-COOH was detected by dipping the chromatograms into Fast Blue BB reagent (1 g/L, in methylene chloride), followed by exposure to diethylaniine vapor. The metabolite was made visible at 3.5 cm from the origin (Rf: 0.78) as a rose-red band (Figure 5) , which became purple on exposure to HCI vapor.
Samples that produced spots matching the color and position of the standard in both stages of detection and that had spot size and density equal to or greater than the control were classified as positive. TLC results were compared with the original gas chromatographic/mass spectrometric quantifications.
Samples that produced disparate results were reanalyzed by gas chromatography/mass spectrometry at The Center for Human Toxicology.
Results and Discussion
Results of the blind study are summarized in Table 1 . All 1927 cannabinoid-free aliquots were correctly identified by the TLC method as "negative" (i.e., THC-COOH <20 g/L). In sets 1 and 2, 96 of 107 cannabinoid-positive samples produced "positive"
TLC results (i.e., THC-COOH 20 pg/ L). The 11 samples that produced false-negative TLC results were retested by gas chromatography/mass spectrometry and were found to contain <20 g/L ( Table 2 ). The lower concentrations obtained upon re-testing possibly resulted from analyte breakdown during storage.
In set 3, all samples to which 20 pg of THC-COOH was added per liter were correctly identified by the TLC method. In previous experiments, the lowest concentration of THC-COOH detected by the method and confirmed by gas chromatography/mass spectrometry was 6 ug/L (16). However, for the current study a cutoff concentration of 20 ig/L was established.
Thus, the TLC method correctly identified all samples containing THC-COOH concentrations 20 pgfL with no false positives. Similar results were obtained in a previously reported study (16) and in a recently completed field trial in which over 500 samples were analyzed by TLC, gas chromatography/mass spectrometry, and EMIT (Foltz, ms. in preparation).
All THC-COOH that is extracted from the sample is also recovered onto the TLC plate, so the technique eliminates the drug loss associated with liquid-liquid partition, solvent recovery/concentration, drug adsorption onto glass, extract recovery into "spotting solvents,"and transferofextractsto the TLC plate. Densitometric studies have indicated absolute analytical recoveries of 85-90% from urine samples supplemented to contain 100 .tg/L. The increased extraction/deposition efficiency and narrow chromatographic bandwidths contribute to the improved sensitivity of the technique as compared with conventional TLC methods (1,
ZLI.L L.1TT..; o-desmethyl-naproxen, produces a blue spot that has an R close to that for the cannabinoid metabolite, and it could obscure detection of THC-COOH. However, these compounds may be separated by using a less-polar developing solvent.
Endogenous urine components are retained in the extraction, as evidenced by the dark color of the extraction sites ( Figure 5 ). These co-extracted components are preferentially retained on the alkyl-silica layer during the chromatographIc elution of THC-COOH and do not interfere with detection.
The single-step extraction technique and rapid chromatographic development increases sample throughput from 10-15 samples per hour by one individual using conventional methods to 60 samples per hour.
The chemical functional groups bonded within the extra#{244}-tion layer can be altered to provide selective retention of a wide variety of compounds. Preliminary methods have been developed for sympathomimetic amines, tricyclic antidepressants, pesticides, and herbicides.
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